SUMMARY Twenty-one prepubertal children of small stature, 10 boys and 11 girls, aged from 4 3 to 12-8 years, were studied. Their height was <3rd centile, and during the preceding year all had a growth rate <4 5 cm/year. Arginine and L-dopa tests were given, and the release of growth hormone (GH) during monitored sleep was investigated. On the basis of the electroencephalogram and horizontal electro-oculogram, sleep was divided into stages 1-2-3-4 and rapid-eye-movement. All the children had a GH response >8 ng/ml in at least one of the two pharmacological tests, and were therefore accepted as not suffering from GH deficiency.
total of 46 secretory peaks recorded, 22 (48 %) took place during deep, slow sleep (stages 3-4), 10 (22 %) during light sleep (stage 2), 10 (22%) during REM sleep, and 4 (8%) during wakening. In 4 patients (19 %) no secretory peak was observed during stages 3-4, even though there were peaks at other times.
The data (a) show that it is essential to monitor GH throughout the night to ascertain with certainty the presence or absence of physiological secretory peaks of GH; (b) emphasise the rare disagreement between pharmacological and physiological tests; (c) suggest the use of this physiological test for GH secretion in those cases where the insulin test may be hazardous.
The secretion of some hormones, especially growth hormone (GH) and prolactin, is closely linked to the sleep-waking cycle, and the secretion rate of GH is highest during sleep (Alford et al., 1973) . The spontaneous release of this hormone by the pituitary in the sleeping patient and its relationship with the various stages of sleep have been the object of several studies in both the adult and child (Takahashi et al., 1968; Parker et al., 1969; Sassin et al., 1969; Illig et al., 1970; Underwood et al., 1971; Mace et al., 1972) , but has been little exploited for investigating growth-retarded children (Eastman and Lazarus, 1973; Wise et al., 1975) . In some cases of growth retardation a normal response to pharmacological testing has been associated with a lack of normal secretion during sleep (Eastman and Lazarus, 1973; Wise et al., 1975) .
In a group of growth-retarded children we studied the pattern of GH secretion in relation to the various Received 30 November 1977 stages of sleep, correlating results with plasma GH levels after arginine and L-dopa stimulation, and with growth rates.
Materials and methods
Twenty-one prepubertal children (10 boys, 11 girls), aged from 4*3 years to 12 8 years, were studied. Their heights were <3rd centile (Tanner et al., 1966) and growth rate in the 12 months preceding the study was <4 5 cm/year (mean 4-08 ± 0-48 SD, range 2-4 *5 cm).
The children were in good health and receiving no treatment. Arginine and L-dopa tests were carried out by methods already described (Cicognani et al., 1975 (1-2-3-4) and REM (rapid-eye-movement), according to standardised criteria (Rechtschaffen and Kales, 1968) .
Blood samples for GH were collected before sleep, on the following morning after wakening, and at various times during the night dependent on the sleep stage, but at least every 20 minutes. Samples were also taken at 10 am, 2 pm, and 6 pm on the day of the test. The children were fully informed about the details of the procedure which they accepted well. They all slept for adequate periods and had at least 3 complete sleep cycles.
Plasma GH was measured by the double-antibody radioimmunoassay method (Molinatti et al., 1969 
Results
All children who had a GH response > 8 ng/ml in at least one of the two pharmacological tests were considered as not being GH deficient (Cacciari et al., 1976) . 13 of the 21 patients (62%) had GH peaks > 8 ng/ml during both the pharmacological tests, the remaining 8 cases (38 %) in only one of the tests. 3 children (14%) did not respond to the arginine test, and 5 (24%) did not respond to the L-dopa test.
The mean (I SD) maximum GH peak of the arginine test was 11 * 4 6 -5 ng/ml, and that of the L-dopa was 16-2 ± 4-6 ng/ml. The mean (±SD) plasma GH levels at 10 am, 2 pm, and 6 pm on the same day of the sleep monitoring were 1 3 + 0 8, 2* 5 0 6, and 2 0 + 1 9 ng/ml, respectively. The mean values obtained before the beginning of the test and after its end were 2 1 + 1l4 and 1*5 0*8 ng/ml. The difference between these plasma levels was not significant.
In all children who underwent the test there was at least one GH secretory peak during sleep. The mean maximum peak during sleep was 18 &3 + 6: 5, which was higher (P<0 025) than that obtained in the same group of children during the arginine test, but not significantly different from that obtained during the L-dopa test. The mean maximum peak attained during sleep in the children who had responded normally to both pharmacological tests was 19 2 ± 5 6 ng/ml, and it did not differ from the value (17-1 -I 5 4) found in the patients who had responded to only one of the two stimuli. GH pattern during sleep is shown in the Table. Most of the secretory peaks took place during slow, deep sleep (stage 3-4) (48%) and in the first sleep cycle (52 %). 20 patients out of 21 (95%) had at least one secretory peak during the first sleep cycle. During the sleep cycles following the first the secretory peaks were more uniformly distributed in all the sleep stages. Of the peaks during the waking period, two were in the phase that precedes sleep, one during the morning wakening, and one during a night wakening after a short period of sleep during which the slow deep stages of sleep were omitted. In 4 patients (19 %) no secretory peak was observed during stage 34, even though the peaks were present in other stages; in these cases the peak followed stage 3-4 by 8, 14, 14, and 24 minutes, respectively. During the whole night the highest secretory peak occurred in most of the patients during stage 3-4 (57 %), and/or during the first sleep cycle (62 %). In 2 children the secretory peak lasted 3 hours and 21 hours respectively, thus occupying more than one stage and more than one sleep cycle.
There was no correlation between the GH peak obtained during the arginine and L-dopa tests and the maximum peak obtained during sleep, nor between the GH values found during the day and the 
Discussion
This study has confirmed that sleep is an important physiological stimulus for the release of GH in children. Whereas 14% and 24% of the children examined did not respond to arginine and L-dopa respectively, during sleep there was in all the children at least one secretory peak of GH >8 ng/ml, which in pharmacological tests we have found to indicate normal release of GH; furthermore, the mean maximum peak obtained during sleep was higher than that obtained during the arginine test.
Since it has been pointed out that each individual has his own characteristic sleep rhythm and night GH release rate (Mace et al., 1972; Alford et al., 1973; Eastman and Lazarus, 1973; Wise et al., 1975) is not a very useful diagnostic approach. Had we adopted it, we should have had a high percentage of falsenegative results, because of the very variable night release rates of GH. In only 57 % of our cases was there a peak in the first stage 3-4 of sleep (Fig.) , which is generally taken as a point of reference.
In conclusion, our data (a) confirm that maximum GH release takes place during the night; (b) show that it is essential to monitor GH throughout the night to ascertain with certainty the presence or absence of physiological secretory peaks of GH; (c) emphasise the rare disagreement between pharmacological and physiological tests for GH secretion; (d) suggest the use of this physiological test (night secretion of GH) in those cases where the insulin test may be hazardous. 
